Chemical compositions and anti-oxidative characteristics of non-fermented and fermented beverages and associated solid by-products produced from freeze-dried sweet potato roots were examined. Freezedried roots of purple-fleshed variety Quandow had higher total phenolics (9.32 mg g Fermented and non-fermented beverages and solids produced from Quandow also had higher antioxidants contents and greater antioxidant activities than those produced from Tainung 66. Thus, producing non-fermented or fermented beverages from purple-fleshed variety Quandow has commercial potential and this will increase its economic value. The purple-fleshed variety Quandow also produced high carbohydrate or high protein solid by-products enriched with antioxidants during beverage processing, which may be used as dietary carbohydrate supplements (non-fermented solids) or high protein animal feed (fermented non-alcoholic solids).
Introduction
Sweet potato (Ipomoea batatas L.) is a tuberous-rooted perennial with edible root flesh color ranging from white, yellow, orange to purple. The purple-and orange-fleshed sweet potatoes are rich in antioxidants including phenolics, anthocyanins and β-carotene (Wireko-Manu et al., 2010) . These antioxidants are known to decrease oxidative stress in vivo and thus, exert beneficial effects on human health (Stintzing and Carle, 2004) . The food service and beverage industries also use the anthocyanins extracted from the roots of sweet potato as natural food colorants (Cevallos-Casals and Cisneros-Zevallos, 2004) .
While the sweet potato is considered as an important dietary carbohydrate in many Asian countries, it has been used to produce bio-ethanol in China (Zhang et al., 2010) . In Japan, sweet potato is a desirable material for the production of traditional liquors (Endo and Okada, 2005; Saigusa et al., 2007) , fermented alcoholic beverages and non-alcoholic beverages (Suda et al., 2008) . The fermented alcoholic beverages prepared from purple-fleshed sweet potato roots have high levels of free radical scavenging activities and antimutagenicity due to the rich contents of anthocyanins in the purple-fleshed sweet potatoes (Saigusa et al., 2005) . Purplefleshed sweet potatoes are also grown in Taiwan, but the utilization of their roots is rather limited. They are generally used as a sweetened filling in steamed or baked cakes; and none of these purple-fleshed sweet potatoes are used for nonalcoholic or alcoholic beverage production.
Recently, the purple-fleshed sweet potato regains much interest in Taiwan because of its bioactive properties that exert beneficial effects on human health. In this study, a purple-fleshed sweet potato variety was used to prepare nonalcoholic and alcoholic beverages. An orange-fleshed sweet potato variety was used to serve as a comparative reference. The chemical and anti-oxidative characteristics of liquid and solid fractions collected before and after fermentation were also determined and compared. Knowledge of these Rikakikai Co. Ltd., Tokyo, Japan). The soluble fraction was used as the fermented non-alcoholic beverage. The insoluble solid fraction was freeze-dried and ground into fine powder with a Cyclotec mill (Rose Scientific, Ontario, Canada) .
Chemical compositions determinations Both beverages and solid fractions collected at various stages of the study underwent chemicals analyses. Protein content was determined using the Kjeldahl procedure. Lipid content was determined gravimetrically with hexane for 12 h in a Soxhlet extractor. Starch was determined according to the method of Goñi et al. (1997) . Soluble sugar was determined according to the method of Yem and Willis (1954) . Crude fiber content was first determined using a semi-automated fiber extraction system (Tecator Fibertec 10001095, Labequip LTD. Ontario, Canada) following the manufacturer's instructions, and then estimated using the method of AOAC (2002) . The level of titratable acidity of tested beverages was determined following the procedures of AOAC (2002) . The Brix degree of the filtrate was determined using a hand refractometer (HR-032, AFAB Enterprises, Eustis, Florida, USA) at 25℃. Ethanol was assayed using a CP-3800 gas chromatograph (Varian, Habor City, CA, USA) equipped with a glass column (0.26 × 200 cm) that was filled with Porapak Type QS (80 − 100 mesh, Waters, Milford, MA) at 150℃ and a FID detector at 80°C, with nitrogen gas used as carrier gas (30 mL min -1 ).
For phytochemicals measurements, the tested sample (1 g each) was extracted with 20 mL of 80% methanol (v/v in H 2 O) for 15 min. The content of total phenolics in extracts was estimated using the Folin-Ciocalteau assay, with gallic acid used as a standard (Jeng et al., 2010) . The content of total flavonoids was determined using the aluminum chloride colorimetric assay, with quercetin used as a standard (AbouZid and Elsherbeiny, 2008) . The contents of anthocyanins was determined using the spectrophotometric method of Oki et al. (2002) , with cyanidin 3-O-β-glucoside used as standard. The β-carotene content was analyzed using the method of Teow et al. (2007) .
Anti-oxidative activities determinations The ferric reducing antioxidant power (FRAP), the DPPH radical scavenging activity and the ABTS radical scavenging activity were determined following the procedures detailed by Jeng et al. (2010) . The trolox was used in the construction of the standard curves in all the anti-oxidative activities.
Statistical analysis Analysis of variance was performed on data collected using the Statistical Package for Social Science (SPSS 10.0 for Windows: SPSS INC., Chicago, Il, USA). Values were given as mean ± standard deviation (SD), and means were separated using a least significant difference (LSD) test.
variations should provide useful information on the possible commercial production of anti-oxidative beverages from these varieties, and subsequently encourage the cultivation of purple and orange sweet potatoes.
Materials and Methods
Plant materials and chemicals Roots of the purplefleshed sweet potato variety Quandow and the orange-fleshed variety Tainung 66 (TNG66) were obtained from Agriculture Research Institute (Wufeng, Taichung, Taiwan). The roots were weighed, washed, peeled and cut into small pieces, and then used for dry matter content determination (AOAC, 2002) . Parts of roots were used as the fermentation material for producing various beverages. Parts of these materials were freeze-dried and ground into fine powder with a Cyclotec mill (Rose Scientific, Ontario, Canada) for chemicals analyses.
The 2,2-diphenyl-1-picrylhydrazyl (DPPH), K 3 Fe(CN 6 ), gallic acid, quercetin dehydrate, 2,2-azino-bis[3-ethylbenzthiazoline-6-sulfonic acid] diammonium salt (ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) and β-carotene were purchased from Sigma-Aldrich (USA). Folin-Ciocalteau phenol reagent was purchased from Merck (Darmstad, Germany). Anthocyanin standard cyanidin was purchased from Extrasynthese (Genau Cedex, France). The α-amylase, glucoamylase and dry yeast were purchased from Pan Global Company (Taichung, Taiwan). All other chemical reagents used were of analytical grade.
Non-fermented beverage Powered material (100 g) was mixed with water to obtain a mixture with 25 % solids. This mixture was heated to 100℃, cooled down to 90℃ in a shaking water bath, and then treated with 0.5 mL of α-amylase. The hydrolysis was carried out at 90℃ for 60 min. After liquefaction, the mixture was allowed to cool down to 60℃, and then 0.5 mL of glucoamylase was added. The reaction was carried out at 60℃ for 60 min. After saccharification, the resulting mixture was cooled and its solid content was separated out by filtration using a 74 μm sieve. The filtrate was used as the non-fermented beverage. A portion of the collected filtrate was used for further fermentation study. The solid fraction was freeze-dried and ground to powder.
Fermented alcoholic and non-alcoholic beverages A portion of the filtrate (100 mL) was added to a 250 mL Erlenmeyer flask with a gas trap. Dry yeast was added to the filtrate for ethanol fermentation. The flask was incubated for 48 h at 32℃. The resulted broth was centrifuged at 4000 g, and the supernatant was used as the fermented alcoholic beverage. A portion of the alcoholic supernatant was distilled at 35 to 40℃ with a rotary vacuum evaporator (Tokyo Quandow might be used to produce high-value antioxidants.
Non-fermented (non-alcoholic) beverages Prepared non-fermented beverages (after liquefaction and saccharification) had relatively lower levels of protein (4.62 to 4.74 mg mL -1 ) and starch (ranged from 1.10 to 2.13 mg mL -1 ) than their freeze-dried counterparts, and they had no lipid ( Acidity also plays an important role in the flavor and taste of produced beverage. The present results revealed that the total acidity levels in the beverages prepared from Quandow and TNG66 were 0.04 and 0.03% calculated as anhydrous citric acid, respectively (Table 2) . These values were lower than the acidity of non-alcoholic sweet potato beverages (0.45 to 1.6%) reported by Wireko-Manu et al. (2010) . A comparable acidity level (average of 0.02%) was also obtained from the beverages prepared from plain starch-enriched ma-
Results and Discussion
Freeze-dried materials The dry matter contents (on 100 g fresh weight basis) were 32.61 and 30.22 g for Quandow and TNG66, respectively (Table 1) . Both varieties contained comparable amount of starch, protein, lipid and soluble sugar in their freeze-dried root samples (Table 1) . Purple-fleshed variety Quandow had significantly more total phenolics and total flavonoids than orange-fleshed variety TNG66. The freeze-dried roots of purple-fleshed variety Quandow contained 2.75 mg g -1 of total anthocyanins, while the freezedried roots of orange-fleshed variety TNG66 had 0.33 mg g -1 of β-carotene (Table 1) . The values of total anthocyanins and β-carotene were higher than those from the purple-fleshed and the orange-fleshed breeding lines reported by Teow et al. (2007) (total anthocyanins ranged from 0.01 to 0.53 mg g -1 and β-carotene contents ranged from 1.5 to 226 μg g -1 , respectively). Teow et al. (2007) reported that the purple-fleshed sweet potato tended to have higher antioxidant activities than the orange-fleshed sweet potato. Similar results were also found in the present study, with the antioxidant activities obtained from purple-fleshed variety Quandow significantly higher than those from orange-fleshed variety TNG66 (Table 1 ). The measured DPPH and ABTS scavenging activities were comparable to those recorded for cranberries, which were generally rich in many antioxidants (Borowska et al., 2009 ). These results seem to suggest that the purple-flashed variety Antioxidants in Sweet Potato Products increased considerably (ranged between 0.26 to 0.57%), with the beverages prepared from Quandow being less acidic than the beverages prepared from TNG66 (Table 2) . Moreover, the fermented beverages had similar levels of total phenolics and anthocyanin but with reduced total flavonoids as compared to the non-fermented beverages (Table 2) . Surprisingly, no β-carotene was detectable in the fermented beverages of TNG66. This indicated that β-carotene might be unstable and oxidized during fermentation. These results differed from the report of Panda and Ray (2007) in that a β-carotene rich sweet potato lacto-juice (about 0.13 mg mL -1 ) could be prepared through lactic acid fermentation. The ethanol concentration of fermented beverages of Quandow and TNG66 were 12.03 and 10.52%, respectively (Table 2) . However, the difference in ethanol yield between the tested two varieties was not significant. The final ethanol amounts yielded from fermented beverages of Quandow and TNG66 were similar to the values reported by Teramoto et al. (1998) , but were higher than the values reported by Sree et al. (1999) .
Fermented sweet potato beverages also had measurable antioxidant activities, but the activities were lower than the activities obtained from the non-fermented beverages ( Table  2) . As expected, the beverages prepared from Quandow tended to have higher antioxidant activities than the beverages prepared from TNG66. The fermented beverages made from Quandow also produced more ethanol compared to the terials (e.g., maize) (Ade-Omowaye et al., 2006) .
Non-fermented beverages made from variety Quandow contained 0.61 mg mL -1 total phenolics and 0.13 mg mL -1 total anthocyanins (Table 2) . These values were higher than the total phenolics (ranged from 0.36 to 0.57 mg mL -1 ) and anthocyanin (ranged from 0.01 to 0.099 mg ml -1 ) in the orange juices reported by Rapisarda et al. (1999) , but were lower than the total phenolics (ranged between 1.12 and 3.43 mg mL -1 ) and anthocyanin (ranged between 0.04 and 0.43 mg mL -1 ) in the grape juices reported by Burin et al. (2010) .
However, the non-fermented beverages made from TNG66 had considerably lower total phenolics (0.21 mg mL -1 ) than the total phenolics found in the non-fermented beverages prepared from Quandow. The non-fermented beverages made from TNG66 had 0.11 mg mL -1 of β-carotene, but had no measurable anthocyanin ( Table 2) . As a result, the antioxidant activities of non-fermented beverages prepared from variety Quandow were significantly greater than those found in the beverages prepared from variety TNG66.
Fermented (alcoholic and non-alcoholic) beverages
The contents of protein, starch, soluble sugars and total flavonoids in fermented beverages reduced considerably in comparison with the non-fermented beverages ( Table  2 ). The Brix values of fermented beverages also decreased significantly, probably due to the depletion of soluble sugars (Table 2) . However, the acidity levels in the fermented beverages, particularly the non-alcoholic fermented beverages, t.L. Jeng et al. Table 2 . Dry matter and chemical contents, anti-oxidative activities and ethanol contents of non-alcoholic and alcoholic beverages produced from Quandow (purple-fleshed) and Tainung 66 (orange-fleshed) sweet potato varieties subjected to various processing and treatments. (Table 3) . On the other hand, the solid fractions recovered after fermentation and distillation had extremely higher protein, phenolics and flavonoids contents than the solid fraction recovered before fermentation, possibly due to the condensation effect. The solid fractions recovered from purple-fleshed Quandow after distillation had more anthocyanin than its solid fractions recovered before fermentation, while the solid fractions recovered from orange-fleshed TNG66 after distillation had more β-carotene than its solid fractions collected before fermentation (Table 3 ). The dried solids were also analyzed for their antioxidant activities, and found to demonstrate more activities than the beverages (Table 3) . These results were predictable because the solid fractions, particularly the solid fractions collected after fermentation and distillation accumulated more phenolics and flavonoids than the prepared beverages (Table 2) . Thus, it appears that the collected solid fractions can be used as a functional food supplement.
Conclusions
In the present study, we compared the chemicals and antioxidant characteristics of sweet potato varieties Quandow (purple-fleshed) and TNG66 (orange-fleshed). The tested two varieties exhibited different characteristics. In additional to high total phenolics contents the Quandow demonstrated high antioxidant activities. Variety Quandow also produced Antioxidants in Sweet Potato Products Table 3 . Dry matter and chemical compositions and anti-oxidative activities in the solid fractions produced from Quandow (purple-fleshed) and Tainung 66 (orange-fleshed) sweet potato varieties subjected to fermentation and distillation. 
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